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Abstract: With a data set of Eurasian forest litter fall based on 471 stands, annual litterfall was estimated to be 6.53 Pg dm -a* 1 
(1 Pg = 10 15 g; dm, dry matter) in Eurasian forests, of which more than half occurred in tropical and subtropical forests, and a 
third in the boreal area. With litterfall, around 2.94 Pg C per year is transferred from the forest vegetation to the soil on this 
continent. 
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Introduction 

Litter fall, transferring organic matter and energy from the 
vegetation to the soil, is one of the major global carbon 
fluxes. In forest ecosystems, aboveground litter includes 
mainly foliage, branches, bark, and reproductive organs, 
and usually, foliage litterfall occupies a major fraction of 
total litterfall. At a continental or global scale, the synthesis 
of litterfall data is important for estimating and explaining 
quantitative litterfall, as well as its pattern. 

The Eurasian continent comprises a variety of climatic 
conditions and forest vegetation (Ahti etal. 1968; Hou 1982; 
FAO 2001). Eurasian forests currently cover around 1.5 
billion hm 2 , or 41% of the total global forest area (FAO 2001) 
and thus play an important role in global carbon cycle. In 
the context of forestry management as a strategy to 
sequestrating carbon in forest ecosystem, it is necessary to 
quantify the litterfall to obtain a better understanding of 
carbon dynamics in Eurasian forests. 

Litterfall on the forest stand level has been long observed 
in European forests (see Rodin & Bazilevich 1967). During 
the period of the International Biological Program (IBP), 
litterfall data were collected also at some sites of Japanese 
and Asian tropical forests (Deangelis et al. 1981; Cannell 
1982). Since the beginning of the 1980s, a lot of litterfall 
investigations have been conducted in Chinese (Zhou 1995) 
and Indian forests (Dadhwal et al. 1997). Most of these 
litterfall data have not yet been synthesized at a continental 
scale. In this synthesis, our main objectives are to estimate 
the annual litterfall in Eurasian forests, and to determine the 
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difference in litterfall between types of forests in different 
biomes. 

Methods 

Data Collection 

To obtain original publications over litterfall in Eurasian 
forests, Forestry Abstract (1960s to 1998), and main 
forestry English-language journals (up until 1999) were 
searched, as well as some major reviews (Bray & Gorham 
1964; Rodin & Bazilevich 1967; Cannell 1982; Proctor 1984; 
Berg et al. 1993; Dadhwal et al. 1997). To obtain data for 
China's forests, we surveyed main Chinese forestry 
publications from 1980 until 1998. All literature from which 
the data has been cited is listed in Appendix A. 

In the data compilation, some criteria were followed. We 
used the data of forested areas (FAO 2001) to estimating 
litterfall in various forest groups, so the sample stands for 
which litterfall data was obtained in this study meet the 
definition of forest of FAO (2001). Stands, which had been 
fertilized or disturbed by forestry practice, e.g. thinning, or 
by e.g. fire, were not included. In the stands used, litterfall 
should have been collected for at least 1 year, and for the 
stands with the litterfall data of 2 years or more, mean 
values were used. 

Estimating annual litterfall 

Based on an identification of ecological zones (FAO 
2001), the continent's climates were classified into five 
domains, namely tropical, subtropical, temperate, boreal, 
and arctic, and the forests in each such domain were 
subdivided into forest types according to precipitation, 
temperature, and altitude. In the boreal forest the subgroup 
arctic forest and in tropical, subtropical and temperate 
areas the subgroups, steppe and desert, were excluded. 
Boreal forests in Europe and Asia were combined into one 
group, mainly due to a lower number of data in these forest 
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types. In all 13 groups of forests were used in estimating 
litterfall (Table 1). The area covered by each group was 
obtained as based on FAO's data set (FAO 2001). 
Correspondingly, we combined the stands from which our 
litterfall data were collected into 13 groups according to 
their geographical location, altitude, temperature, and 
precipitation. Mean annual total and leaf litter fall were 
calculated for each group and multiplied with the area of 
this forest group resulting in litterfall for that group on the 
whole continent. 


Table 1. Forest groups and the areas in estimating total 
litterfall in Eurasian forests. 


Forest groups 

Forest area (million hm 2 ) 

Rain forest (A) 

Tropical 1 

147.92 

Moist (A) 


36.56 

Dry (A) 


59.39 

Mountain (A) 


34.06 

Flumid (A) 

Subtropical 2 

78.42 

Dry (A) 


4.00 

Mountain (A) 


54.42 

Dry (E) 


29.30 

Continental (A) 

Temperate 3 

45.89 

Mountain (A) 


37.93 

Continental (E) 


185.86 

Oceanic (E) 


28.29 

Boreal (AE) 

Boreal 4 

793.54 

Total Eurasian forests 

Total 

1535.57 


'Not including the shrub (8.14 million hm 2 ) and desert types (1.89 
million hm 2 ); 2 Not including steppe (3.23 million hm 2 ) and desert (0.52 
million hm 2 ) types; 3 Not including steppe (28.79 million hm 2 ) and desert 
(3.30 million hm 2 ) types; 4 Not including arctic types (7.11 million hm 2 ). 
Boreal (AE) contains coniferous, tundra and mountain types. 

The letter A or E after the name of a forest group means that the group 
was located in Asia or Europe. The area of each forest group was 
based on FAO (2001). 

Results 

Total litterfall ranged from 572 g-m'^a' 1 in the Asian (A) 
dry forest to 973 g-m^-a' 1 in the rain forest in the tropical 
area, and the proportions of leaf litter in total litterfall ranges 
from 53% to 73% (Table 2). Total litterfall ranged from 438 
g-m^-a' 1 in the European (E) dry forest to 617 g-m^-a' 1 in 
the Mountain (A) forest with a leaf litter fraction of 70% to 
79% in the subtropical area. In the temperate area, total 
litterfall was 311 g-m" 2 -a 1 in the Asian continental forest to 
469 g-m^-a' 1 in the European continental forest and the leaf 
litter was 64%-87% of total litterfall. In the boreal forest, 
total and leaf litter fall were 261 g-m^-a' 1 and 188 g- rn^-a' 1 , 
respectively, the latter being 72% of the former. 


Both the range of litterfall in a forest group and the 
standard deviation shows a great variation among different 
stands within a forest group (Table 2). For instance, in the 
Asian rain forest, the total litterfall ranged from 340 g-m'^a’ 1 
to 1490 g-m'^a' 1 , the highest thus being fourfold higher 
than the lowest. In the moist forest (A), the standard 
deviation is greater than half of the mean value (Table 2). 


Table 2. Average total litterfall and leaf litterfall in different 
forest groups in Eurasian forests, given as g- m' 2 -a~'._ 


—_L__ 

Forest groups* 

Leaf litter 


Total litterfall 


Meant sd 

Range 

n 

Meanlsd 

Range 

n 


Tropical 





Rain forest (A) 1 '* 

622±171 

270-1075 

39 

9731260 

340-1490 

64 

Moist (A) (2) 

473±225 

145-1070 

24 

7141355 

300-1510 

29 

Dry (A) <3) 

416±194 

240-894 

12 

5721239 

326-1205 

15 

Mountain (A) (4) 

422±127 

230-570 

6 

7931277 

360-1250 

17 


Subtropical 





Humid (A) <5) 

3841164 

176-829 

59 

5391219 

239-1300 

64 

Dry (A) (6) 

380±167 

84-620 

21 

4821267 

101-1060 

20 

Mountain (A) <7) 

4431185 

167-910 

17 

6171208 

346-1178 

17 

Dry (E) (8) 

3071127 

80-530 

19 

4381191 

174-770 

19 


Temperate 





Continental (A) (9) 

198191 

79-334 

18 

3111120 

92-524 

23 

Mountain (A) <101 

312199 

219-567 

10 

3601129 

167-667 

6 

Oceanic (E) (11) 

301174 

125-440 

28 

356195 

210-671 

40 

Continental (E) <12) 

3521108 

116-520 

16 

4691178 

233-1180 

31 


Boreal 





Boreal (E, A) <13) 

188177 

23-374 

83 

2611108 

27-508 

120 


Note: The letter A or E after the name of forest groups in the first 
column means this group is located in Asia or Europe and the number 
indexes the references used. The data used in this analysis were based 
on those of Appendix A. The numbers in the following notes refer to the 
papers listed in Appendix A. 

(1) Paper 14-15, 17, 34, 43-45, 63, 66, 78-79, 88, 97,100, 118 & 136. 

(2) Paper 21, 23-24, 52, 64, 68-69, 78, 95, 100-101, 113, 128, 
144-145. 

(3) Paper 2, 5, 16, 23, 42, 53 & 128. 

(4) Paper 10, 48, 51,58, 69, 97, 128 & 146. 

(5) Paper 1, 4, 35-37, 55, 61-62, 65, 82, 84, 86-87, 91, 117, 123, 129, 
132-135, 142, 144, 148 & 151. 

(6) Paper 6, 40, 42, 92, 102, 114, 119-122, 124, 130-131 & 149. 

(7) Paper 19-20, 41,59, 93, 105-107 & 115. 

(8) Paper 10, 39-40, 51, 81 & 138. 

(9) Paper 7, 22, 27-28, 67, 116, 140-141, 143, 147 & 150. 

(10) Paper 22, 29, 49, 56, 60 & 81. 

(11) Paper 9, 25-26, 30-32, 75-76, 103 & 126-127. 

(12) Paper 8, 13, 32, 46-47, 54, 77, 108 & 125. 

(13) Paper 3, 8-9, 11, 13, 26, 32-33, 57, 70-74, 83, 89-90, 94, 99, 104, 
110-112 & 138-139. 

Over all Eurasia, the forested area is today more than 
1 500 million hm 2 (excluding arctic and desert forests), half 
of which was boreal forest (Table 1). Total litterfall was 
around 6.53 Pg dry matter per year, of which more than the 
half is produced in Asian tropical and subtropical forests, 
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and a third in the Eurasian boreal forests (Table 3). In the 
tropical area, most of the htterfall occurs in the rain forest 
(1.44 Pg-a’ 1 ), and from 0.26 Pg-a’ 1 to 0.34 Pg-a' 1 is 
produced in the other three forest types. On the average 
leaf litter constituted 71% of the total litterfall in Eurasian 
forests. 


Table 3. Annual leaf litter and total aboveground litter 
production in Eurasian forests (10 15 g-dnva \ mean t s.d.). 


Forest groups 

Leaf litterfall 

Total litterfall 

Tropical 

Rain forest (A) 

0.92±0.25 

1.44+0.38 

Moist (A) 

0.17±0.08 

0.26+0.13 

Dry (A) 

0.25+0.12 

0.34+0.14 

Mountain (A) 

0.14+0.04 

0.27+0 09 

Subtotal 

1.48 

2.31 

Subtropical 

Humid (A) 

0.32+0.13 

0.42+0.17 

Dry (A) 

0.02+0.01 

0.02+0.01 

Mountain (A) 

0.24+0.10 

0.34+0 11 

Dry (E) 

0.09+0.04 

0.12+0 05 

Subtotal 

0.67 

0.94 

Temperate 

Continental (A) 

0.13+0.06 

0.14+0.06 

Mountain (A) 

0.11+0.01 

0.14+0.05 

Oceanic (E) 

0.08+0.02 

0.10+0.03 

Continental (E) 

0.71+0.13 

0.87+0.33 

Subtotal 

1.03 

1.25 

Boreal 

Boreal (AE) 

1.49+0.61 

2.07+0.85 

Total Eurasian 

4.66 

6.53 


Discussion 

Our estimate shows that litter production in Eurasian 
forests is 6.53 Pg dry mass per year, and that foliage litter 
occupies a major fraction (53% to 87%) (Table 2). The 
concentration of carbon in leaf litter ranges from 40% to 
55% (e.g. Upadhyay 1990, 1993; van Wesemael 1993; 
Johansson 1994; Pardo et at. 1997; Fioretto et al. 1998), 
and this variation is not related to forest groups. To simplify 
the calculations, we use 0.45 as a conversion factor from 
litter dry matter to carbon. Thus, the carbon flux in the forest 
litter fall was estimated to approximate 2.94 Pg C per year. 

Compared with other biomass components (e.g. stem 
wood, coarse branches etc.), fine litter (leaf, reproductive 
organs, twigs etc.) has a much higher turnover rate. 
Meentemeyer (1986) showed that the first-year mass-loss 
of fresh leaf litter ranged from 30% in boreal to 80% in 
tropical areas and corresponding amounts of C will be 
released. Today we still do not know what fractions of litter 
that is transferred to humus but just the mass loss on the 
first year is considerable. In the context of global warming, 
forestry management has been accepted as a strategy to 
mitigating atmospheric CO 2 (IGBP Terrestrial Carbon 
Working Group 1998). In terms of carbon-fixing and 
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carbon-sequestering efficiencies of a forest ecosystem, 
litterfall and the litter turnover should be taken into account. 

The global forested area was 3.44 x 10 9 hm 2 in the 1990s, 
of which half was tropical forests (1.79 x 10 9 hm 2 ) (FAO 
1995). Eurasian forests made up about 1.50 x 10 9 hm 2 , 
being 41% of total global forests. Of the latter, boreal 
forests occupied a fraction of 57%, and tropical forests 26%. 
Global terrestrial litter production was estimated to 39 x 
10 15 g-a’ 1 (Matthews 1997) to 54 x 10 15 g-a’ 1 (Meentemeyer 
et al. 1982), and global forest litter production was 
estimated to be 29 x 10 15 g-a’ 1 (Lonsdale 1988). Our 
estimate showed that Eurasian forest litterfall is about one 
fifth of that of global forests and one ninth of that of 
terrestrial ecosystems. The fraction of Eurasian forest 
litterfall in global forest litterfall is thus much less than the 
fraction of Eurasian forest area of the global forest area. 
This may be explained by the fact that almost 60% of 
forests in the Eurasian continent are boreal, and that 
tropical forests occupy a correspondingly smaller part 
(27%). 

We collected as complete and updated litterfall data as 
possible. In particular, most of the data including litterfall 
information in Chinese forests were published in Chinese, 
and thus for the first time used in a synthesis at a 
continental scale. For Eurasian forest litterfall, the data in 
our study is the most complete set published up until now. 
Compared with other litterfall estimates at a big 
geographical scale (e.g. Lonsdale 1988; Matthews 1997), 
the present estimate has the most abundant data set 
(litterfall data from 471 stands). In our analysis, we realized 
that more litterfall data at the stand level need to be 
investigated in Eurasian forests, especially in Russian 
boreal forests in Asia to allow more accurate estimates in 
the future. 

Acknowledgment 

This study was financially supported by The Finnish 
Society of Forest Science and the Graduate School of 
Forest Sciences in Finland. We are grateful to X.-F. Zhou 
and Z.-D. Peng for helping to collect the data in Chinese 
publications. 

References 

Ahti, T., Hamet-Ahti, L. and Jalas, J. 1968. Vegetation zones and their 
sections in northwestern Europe [J], Ann. Bot. Fenn., 5: 169-211. 
Berg, B„ Berg. M.P., Cortina, J., Flower-Ellis, J., Gallardo, A., 
Johansson, M.-B., Lundmark, J -E. and Madeira, M. 1993. Amount of 
litterfall in some European coniferous forests [C]. In: Breymeyer, A. 
(Ed.) Geography of Organic matter Production and Decay. Warsaw: 
Institute of Geography and spatial Organization, Polish Academy of 
Sciences, p 81-110 

Bray, J.R. and Gorham, E. 1964. Litter production in forests of the world 

[J], Adv. Ecol. Res., 2: 101-157. 

FAO. 2001. Forest resources assessment 2000 [Mj. FAO, Rome. 
Fioretto, A. 1998. Decomposition dynamics of litters of various pine 
species in a Corsican pine forest [J] Soil Biol. Biochem , 30: 721-727. 



30 


LIU Chun-jiang et al. 


Hou Xueyu. 1982. Geography of China’s Vegetation and Chemical 
Composition of Dominant Plants [M]. Bejing: Chinese Science Press, 
p 1-67. (in Chinese) 

IGBP Terrestrial Carbon Working Group. 1998. The terrestrial carbon 
cycle' Implica-tions for the Kyoto Protocol [J]. Science, 280: 
1393-1394. 

Johansson, M.-B. 1994. Decomposition rates of Scots pine needle litter 
related to site properties, litter quality, and climate [J], Can. J. For. 
Res., 24: 1771-1781. 

Matthews, E 1997. Global litter production, poos, and turnover times: 
Estimates from measurement data and regression models [J], J. 
Geophysical Res , 102(D15): 18771-18800. 

Meentemeyer, V., Box, E.O., and Thompson, R. 1982, World patterns 
and amounts of terrestrial plant litter production [J], BioScience, 32: 
123-128. 

Meentemeyer, V. 1986. The geography of organic decomposition rates 
[J], Ann. Assoc Amer. Geogr., 74: 551-560. 

Lonsdale, W.M. 1988. Predicting the amount of litterfall in forests of the 
world [J], Ann. Botany, 61: 319-324. 

Pardo. F., Gil. L. and Pardos. J.A. 1997. Field study of beech (Fagus 
sylvatica L.) and melojo oak (Quercus pyrenaica Willd) leaf litter 
decomposition in the centre of the Iberian Peninsula [J]. Plant and Soil, 
191: 89-100. 

Proctor J. 1984. Tropical forest litterfall II. The data set [C], In: 
Chadwick, A.C., Sutton, S. L. (Eds.) Tropical rain forest. Leeds: the 
Leeds Symposium Special Publication of the Leeds Philosophical and 
Literary Society, p 55-63. 

Rodin, L.E. and Bazilevich, N.l. 1967. Production and mineral cycling in 
terrestrial vegetation [M]. Edinburgh: Oliver and Boyd, p 20-75. 
Upadhyay, V.P. 1990. Decomposition of oak litter in a pine-mixed 
broadleaf forest in Himalaya [J], Indian Journal of Ecology, 17: 25-28. 
Upadhyay, V.P. 1993. Effect of initial litter quality on decomposition 
rates of the tree leaf litter in Himalayan forest ecosystems [J], Tropical 
Ecology, 34(1): 44-50. 

van Wesemael, B. 1993. Litter decomposition and nutrient distribution 
in humus profiles in some mediterranean forests in southern Tuscany 
[J], For. Ecol. Managem., 57: 99-114. 

Zhou Xiaofeng (Ed.). 1994. Long-Term Located Research on Chinese 
Forest Ecosystems [C]. Harbin, Northeast Forestry University Press, p 
1-10. (in Chinese) 

Appendix A: Literature for Eurasian Forest Litterfall 
Data 

1. Akai, T. and Furuno, T. 1970. Amounts of litter-fall and grazing in 
young loblolly pine forest [J], Bulletin of the Kyoto Univ. Forests No. 
42. 83-93 

2 Aksornkoae, S. and Khemnark, C. 1980. Nutrient cycling in 
mangrove forest of Thailand [C], In: Asian Symposium on Mangrove 
Environment and Management. Kuala Lumpur. University of Malaya, 
p 1-14. 

3 Andersson, F 1981. Biomass data. In- Reichle, D. E. (Ed.) 
Dynamic Properties of Forest Ecosystems [C], Cambridge, 
Cambridge University Press, p 620. 

4. Ando, T., Takeuchi, I., Saito, A and Watanbe, H. 1969 Some 
observations of dry-matter production on the artificial two-storied 
stand [J], J. Jap For Soc., 51: 102-107. 

5 Balasubramanyan Y. 1964. Litterfall data cited in Litter Production 
in Forest of the World (p 132) (Bray, J. R , and Gorham, E. 1964). 

6. Bandhu, D. 1973. Chakia Proiect- Tropical deciduous forest 
ecosystem [C] In: Kern, L. (Ed) Modeling forest ecosystems. 
Tennessee: Oak Ridge National Laboratory, p39-61. 


7. Bao, C.-S. 1991. Nutrient cycling in a birch forest. In: Zhou 
Xiaofeng (Ed.) Located Research on the Forest Ecosystems. Harbin: 
Northeastern Forestry University Press, p 217-228. (in Chinese) 

8. Bazilevich, N.l. 1967. Litterfall data cited in Production and 
mineral cycling in terrestrial vegetation (Table 9, Table 32) (Rodin L. 
E. and Bazilevich N. I. 1967). 

9. Berg, B., Berg, M.P., Cortina, J., Flower-Ellis, J., Gallardo, A., 
Johansson, M.-B., Lundmark, J.-E. and Madeira, M. 1993. Amount of 
litterfall in some European coniferous forests [C]. In: Breymeyer. A. 
(Ed.) Geography of Organic Matter Production and Decay. Warsaw: 
Institute of Geography and Spatial Organization, Polish Academy of 
Sciences, p 81-110. 

10. Blasco, F. and Tassy, B. 1975. Etude d’un ecosystem forestier 
montagnard du Sud de I’lnde [J], Bulletin d’Ecologie, 6: 525-539. 

11. Bonnevie-Svendsen, C. and Gjems, O. 1957. Amount and 
chemical composition of the litter from larch, beech, Norway spruce 
and Scots pine stands and its effect of the soil [J], Norske 
Skogsforsoksv, 48: 111-174. 

12. Bray, J R. and Gorham, E. 1964. Litter production in forest of the 
world [J], Advances in Ecological Research, 2: 101-157. 

13. Breymeyer, A.I. 1991. Comparative analysis of organic matter 
transformations in coniferous forests in Europe [C]. In: Nakagoshi, N. 
Golley, F.B. (Eds.) Coniferous forest ecology from an international 
perspective The Hague: SPB Academic Publishing bv, p 161-177. 

14. Bruijnzeel, LA. 1982. Hydrological and biogeochemical aspects 
of man-made forests in south-central Java, Indonesia [M], 
Amsterdam: Vrije Umversiteit te Amsterdam. 

15. Bruijnzeel, L.A. 1985. Nutrient content of litterfall in coniferous 
forest plantations in central Java, Indonesia [J], Journal of Tropical 
Ecology, 1(4): 353-372. 

16. Bunyavejchewin, S. 1989. Primary production of plots of five 
young closed-spaced fast-growing tree species, III. Dry matter and 
nutrient content of litterfall [J]. Nat. Hist. Siam Soc., 37(1). 65-73. 

17. Burghouts, T., Ernsting, G., Korthals, G. and de Vris, T. 1992. 
Litterall, leaf litter decomposition and litter invertebrates in primary 
and selectively logged depterocap forest in Sabah, Malaysia [J]. Phil. 
Trans. R. Soc. Lon. B, 335: 407-416. 

18. Cannell, M G.R. 1982. World Forest Biomass and Primary 
Production Data [M], London: Academic Press, p 1-150. 

19. Chaturvedi, O.P. and Singh, J.S. 1987. The structure and function 
of pine forest in central himalaya. I. Dry matter dynamics [J], Annals 
of Botany, 61: 236-252. 

20. Chalurvedi, O.P. and Singh, J.S. 1987. The structure and function 
of pine forest in central himalaya. II. Nutrient dynamics [J], Annals of 
Botany, 61: 253-267. 

21. Chen Z.-H. 1992. Biomass and productivity of a south subtropical 
evergreen broadleaved forest in Heishiding Nature Conserve Area 
VII. Litter fall, standing crop and decomposition rate [J], Botanical 
Journal of South China, 1: 107-113 

22. Cheng Borong. 1984. Litterfall and its nutrient content of main 
forest ecosystems in Changbai Mountains, Jilin [J], Research of 
Forest Ecosystem, 4: 19-23. 

23. Crowther, J. 1987. Ecological observation in tropical karst terreain, 
West Malaysia. II. Rainfall interception, litterfall and nutrient cycling 
[J], Journal of Biogrography, 14' 145-155. 

24. Dagar, J.C. and Sharma, A.K. 1993. Litterfall beneath Bruguiera 
gymnorrhiza in mangrove forests of south Andamans, India [J] 
Indian Journal of Forestry, 16(2)' 157-161. 

25. de Visser, P.H.B 1995. Effects of irrigation and balanced 
fertilization on nutrient cycling in a Douglas fir stand [J], Plant and 
Soil, (168-169): 353-363. 

26 de Visser, P.H.B., Beier, C., Rasmussen, L, Kreutzer, K., 



Journal of Forestry Research, 14(1): 27-34 (2003) 


Steinberg, N., Bredemeier, M., Blanck, K., Farrell, E.P. and Cummins, 
T. 1994. Biological response of five forest ecosystems in the EXMAN 
project to input change of water, nutrients and atmospheric loads [J]. 
Forest Ecology and Management, 68. 15-29. 

27. Ding Baoyong, Song Binyan and Yao Yujun. 1986. Analysis of the 
litter's nutrient elements in the Pmus koraiensis plantation [J], Bulletin 
of Botanical Research, 6(4)- 161-175. (in Chinese) 

28. Ding Baoyong, Yao Yujun, Zhang Zongzheng and Wang Lu 1988. 
Analysis of the litter’s nutrient elements in the Pmus silvestris var. 
mongolica plantation [J], Bulletin of Botanical Research, 8(2): 
143-153. (in Chinese) 

29. Djhalilov, K.G. and Safarov, I.S. 1981. Biomass data. In: Reichle, 
D.E. (Ed.) Dynamic Properties of Forest Ecosystems. Cambridge: 
Cambridge University Press. 

30. Drift, J van der 1974. Project Meerdink: Production and 
Decomposition of Organic Matter in an Oak Woodland [Cj. Final 
Report 1966-71 of the Netherlands contribution to the IBP. 
Amsterdam' North Holland Publication Co., p 1-50. 

31. Duvigneaud, P. 1970. La chenaie melangee calcicole de 
Virelles-Blaimont, en haute Belgique [Cj. In: Duvigneaud, P. (Ed.) 
Ecology and Conservation, Productivity of Forest Ecosystems 
Proceedings of the Brussels Symposium, Unesco, Paris 1970, p 
635-665 

32. Ehwald, E. 1957. Uber den Nahrstoffkreislauf des Waldes [J]. 
Dtsch. Akad. Landwirtschaftwissenschaften Berlin, 6: 1-56. 

33. Finer, L. 1996. Variation in the amount and quality of litter in a 
Pinus sylvestris L. stand growing on a bog [J], Forest Ecology and 
Management, 80: 1-11. 

34. Furtado, J.I., Verghese, S., Liew, K.S. & Lee, T.H. 1980. Litter 
production in a freshwater swamp forest. Tasek Bera, Malaysia [C], 
In: Furtado, J. I. (Ed.) Tropical Ecology and Development. 
Proceedings of the Vth International Symposium of Tropical Ecology. 
Kuala Lumpur: International Society of Tropical Ecology, p 815-822 

35. Furuno, T. and Saito, H. 1981. Seasonal variations of litter fall and 
primary consumption by herbivorous insects in Quercus serrata 
stands in Kyoto [J]. Bulletin of the Kyoto Univ. Forests, 53: 52-63. 

36. Furuno, T. 1993. Litter-fall and its annual and monthly fluctuations 
in an eastern white pine, Pmus strobus L,, stand over twelve years [J]. 
Bulletin of the Kyoto Univ. Forests, 65. 1-13. 

37. Furuno, T. Uenishi, S. and Uenishi, K. 1979. Investigations on the 
productivity of Japanese fir ( Abies firma Sieb et Zucc.) and Hemloch 
(Tsuga sieboldii Carr.) stands in Kyoto Univ. forests in Wakayama (V) 
Biomass and litterfal [J], Bulletin of the Kyoto Univ. Forests, 51: 
58-69 

38. Gallardo, J.F, Santa Regina, I., Harrison, A F. and Howard, D. M. 

1995. Organic matter and nutrient dynamics in three ecosystems of 
the “Sierra de Bejar" mountains (Salamance province, Spain [J], Acta 
Ecologica, 16(4): 447-459. 

39. Garcia-Ple, C., Vanrell, P. & Morey, M. 1995. Litter fall and 
decomposition in a Pmus halepensis forest on Mallorca [J] Journal of 
Vegetation Science, 6: 17-22. 

40. Garg, R.K. and Vyas, L.N. 1975. Litter production in deciduous 
forest near Udaipur (South Rajasthan) India [Cj. In: Golley, F.B., 
Medina, E. (Eds.) Tropical Ecological Systems: Trends in Terrestrial 
and Aquatic Research. New York: Springer, p 131-135. 

41. Garkoti, S.C. and Singh, S.P. 1995. Variation in net primary 
productivity and biomass of forests in the high mountains of central 
Himalaya [J], Journal of Vegetation Science, 6: 23-28. 

42. Gaur, J.P. and Pandey, H N. 1978. Litter production in two tropical 
deciduous forest communities at Varanasi, India [J], Oikos, 30(3). 
570-575. 

43 Gong, W K. and Ong, J.E. 1983. Litter production and 


_ 34 

decomposition in a coastal hill depterocarp forest [Cj. In: Sutton, S., 
Chadwick, A. and Whitmore, T C. (Eds.) British Ecologocal Society 
Rain Forest Symposium. Oxford: Blackwell Scientihc Publications, p 
275-285. 

44. Gong, W.K. 1972. Studies on the rates of fall, decomposition and 
nutrient element release of leaf litter of Representative species in a 
lowland Dipterocarp forest [M]. B. Sc. Thesis, Malaya: University of 
Malaya, p 1-27. 

45. Gong, W.K., Ong, J.E., Wong, C.H. and Dhanarajan, G. 1983. 
Productivity of mangrove trees and its significance in a managed 
mangrove ecosystems in Malaysia. In: Soepadmo, E. (Ed.). 
Mangrove Environment: Research and Management. Malaya: 
University of Malaya. 

46. Goryshma, T.K. 1974a. Investigations of biological productivity 
and factors affecting it in the Les na Vorske forest-steppe oak wood 
[J] Ekologija, 3: 5-10. 

47 Goryshina, T.K. 1974b. Biological Productivity and its Factors in 
the Oaks of the Forest Steppe [J], Scientific Notes, Series of 
Biological Science, No. 367. 

48. Gunadi, B. 1994 Litterfall, litter turnover and respiration in two 
pine forest plantations in central Java, Indonesia [J], Journal of 
Tropical Forest Science, 6(3): 310-322. 

49. Hardiwinoto, S , Yajima, T. and Igarashi, T. 1991. Stand structure 
and litter production of deciduous broad-leaved forests and 
evergreen coniferous forests in northern Hokkaido [J], Research 
Bulletins of the College Experiment Forests, 48(1): 115-155. 

50. Hernandez, I.M., Gallardo, J.F. and Santa Regina, I. 1992. 
Dynamic of organic matter in forests subject to a mediterranean 
semi-arid climate in the Duero basin (Spain): litter production [J], Acta 
oEcologica, 13(1): 55-65. 

51 Hladik, A. 1978. Phenology of leaf production in rain forest og 
Gabon: distribution and composition of food for folivores. In 
Montgomery, G.G. (Ed.) The Ecology of Arboreal Folivores. 
Washington D. C : Smithsonian Institute Press, p 51-71. 

52. Hladik C.M. & Hladik A. 1972. Disponsibilities alimenlaires vitaux 
des primates a Ceylan La Terre et la Vie, 26 149-215 

53. Hosur, G.C., Dasog, G.S. and Satyanarayana, T. 1997. Litter 
production and nutrient return of different tree species under 
plantation conditions [J] Indian Journal of Forestry, 20(3): 231-235. 

54. Jakucs, P. 1985. Ecology of an Oak Forest in Hungary [M] 
Budapest, Akademiai Kiado. 

55. Kakubari, Y. 1977. Beech forests in the Nacba Mountains 
Distribution of primary productivity along the altitudinal gradients [J], 
JIBP Synthesis, 16: 201-212. 

56 Kawahara, T, Sato, A., Takeuchi, l„ Tadaki, Y. and Hatiya, K. 
1981 Litter fall and its decomposition in a mixed stand of Japanese 
larch and hinoki [J], Bull. For 8 For. Prod Res. Inst., (313): 79-91 

57. Kazimirov, N.l. and Morozova, R.M. 1973. Biological cycling of 
matter in spruce forests of Karelia [M], Leningrad. Nauka, Lemgrad 
Branch, Academy of Sciences, U. S S R 

58. Kellman, M.C 1970 Secondary Plant Succcession in Tropical 
Montane Mindanao [M], Publication BG/2, Research School of 
Pacific Studies. Canberra: Australia National University. 

59 Khiewtam, R.S. and Ramakrishnan, P.S. 1993. Litter and fine root 
dynamics of a relict sacred grove forest at Cherrapunji in 
north-eastern India [J]. Forest Ecology and Mangement. 60: 327-344. 

60 Kikuzawa, K , Asai, T. and Fukuchi, M. 1984. Leaf-litter production 
in a plantation of Alnus mokumae [J], Journal of Ecology, 72. 
993-999. 

61. Kimura, M., Funakoshi, M., Sudo. S., Kimura, W., Yamamura, Y 
and Honma, S. 1984. Litter-fall and reproductive seasonalities in a 
Leucaena leucocephala forest at Chichijima, Ogasawara (Bonin) 




32 


LIU Chun-jiang et ai. 


Islands [J]. Bot. Mag. Tokyo, 97: 447-455. 

62. Kira, T., Ono, Y. and Hosokawa, T. 1978. Biological Production in 
a Warm-temperate Evergree Oak Forest of Japan [J], JIBP Synthesis, 
18. 201-212. 

63. Kumar, B M. and Deepu, J.K. 1992. Litter production and 
decomposition dynamics in moist deciduous forests of the Western 
Ghats in Peninsular India [J], Forest Ecology and Management, 50' 
181-201. 

64. Lam, P.K.S. and Dudgeon, D. 1985. Seasonal effects on litterfall 
in a Hong Kong mixed forest [J], Journal of Tropical Ecology, 1(1): 
55-64. 

65. Lian, Y. and Zhang, Q. 1998. Conversion of a natural broad-leafed 
evergreen forest into pure and mixed plantation forests in a 
subtropical area: effects on nutrient cycling [J], Can. J. For. Res., 28: 
1518-1529. 

66. Lim M.T. 1978. Litterfall and mineral nutrient content of litter in 
Pasoh Forest Reserve [J]. Malayan Nature Journal, 30: 375-380. 

67. Liu Shirong, Chai Yixin, Cai Tijiu and Peng Changhui. 1990. 
Studies on the biomass and net primary productivity of Larix gmelini 
plantations [J], Journal of Northeastern Forestry University, 18(2): 
40-46. 

68. Lu Changyi and Lin Peng. 1990. Studies on litter fall and 
decomposition of Bruguiera sexangula (lour.) Poir, community on 
Hainan Island, China [J], Bulletin of Marine Science, 47(1): 139-148. 

69. Lu Junpei and Liu Qihan. 1994. Litter and its decomposition 
process in tropical forest in Jifengling, Hainan Island [C], In: Zhou 
Xiaofeng (Ed.) Long-Term Research on China's Forest Ecosystems. 
Harbin: Northeast Forestry University Press, p 178-191. 

70. Manakov, K.N. 1962. Characteristics of the plant litterfall in some 
forest plantations of the Nurmansk Province [J], Bot. Zh., 47(8): 
30-39. 

71. Marchenko, A.I. and Karlov, Y.M. 1962. Mineral exchange in 
spruce forests of the Northern taiga and the forest-tundra of the 
Arkhangel province [J], Pochvovedenie, (7): 45-51. 

72. Malkonen, E. 1974. Annual primary productivity and nutrient cycle 
in some pine stands [J], Communications Instituti Forestalis Fenniae 
(Helsinki), 84: 7-67. 

73. Malkonen, E. 1977. Annual primary production and nutrient cycle 
in a birch stand [J], Communicationes Instituti Forestalis Fenniae 
(Helsinki), 91: 5-30. 

74. Merzoev, O.G. 1981. Biomass data [C], In: Reichle, D. E. (Ed.) 
Dynamic Properties of Forest Ecosystems. Cambridge: Cambridge 
University Press, p. 622-623. 

75. Miller, H.G., Cooper, J.M. and Miller, J.D. 1976. Effect of nitrogen 
supply on nutrients in litterfall and crown leaching in a stand of 
Corsican pine [J]. J. Apppl. Ecol., 13: 233-248. 

76. Miller, J.D., Cooper, J.M. and Miller, H.G. 1996. Amounts and 
nutrient weights in litterfall, and their annual cycles, from a series of 
fertilizer experiments on pole-stage Sitka spruce [J], Forestry, 69(4): 
289-302. 

77. Mina, V.N. 1955. The nitrogen and ash element cycle in the oak 
woods of the forests-stepp [J], Pochvovedenie, (6): 20-25. 

78. Mitchell, B.A. 1960. Comparison and assessment of site fertility 
under various crops and after various uses. Sub-project No. 1, 
deposition of organic matter [C], Research Pamphlet 26A, p 9-11. 
Malaya: Forest Research Institute. 

79. Mitchell, B.A. 1964. Litterfall data cited in Litter Production in 
Forest of the World, p 109 (Bray & Gorham 1964). 

80. Moro, M.J., Domingo, F. and Escarre, A. 1996. Organic matter 
and nitrogen cycles in pine afforested catchment with a shrub layer of 
Adenocarpus decorticans and Cistus laurifohus in southeastern 
Spain [J]. Annals of Botany, 78: 675-685. 


81. Nie, D.-P. 1985. Distribution and cycling of nutrient elements in 
Chinese pine plantation in Longhua region, Hebei [Mj. Master thesis. 
Beijing: Beijing Forestry University, (in Chinese) 

82. Nie, D.-P. 1994. A comparison of productivity and nutrient cycling 
of Chinese fir plantations in different site conditions. ]. In: Zhou 
Xiaofeng (Ed.) Long-Term Research on China's Forest Ecosystems. 
Harbin: Northeast Forestry University Press, p 123-135. (in Chinese) 

83. Nihlgard, B. 1972. Plant biomass, primary production and 
distribution of chemical elements in a beech and a planted spruce 
forest in south Sweden [J], Oikos, 23: 69-81. 

84. Nishira, M. 1983. Aspecys of Japanese mangroves [C], In: 
Proceedings of the UNESCO Regional Seminar on Human Uses of 
Mangrove Environment and its Management Implications. 
BANSDOC, Dacca, Bangladesh, p 53-59. 

85. Ogawa, H. 1978. Litterfall and mineral nutrient content of litter in 
Pasoh Forest [J], Malayan Nature Journal, 30: 375-380. 

86. Ogino, K. 1977. A beech forest at Ashiu - biomass, its increment 
and net production [J], JIBP Synthesis, 16: 201-212. 

87. Ohkubo, M., Saito, H. and Takeoka, M. 1981. Primary production 
in a 63-year-old plantation of Sciadopitys verticillata Sieb. et Zucc. at 
Hino, Shiga [J], Japanese Journal of Ecology, 31: 295-305. 

88. Ong, J.E., Gong, W.K. and Wong, C.H. 1980. Ecological Survey of 
the Sungei Merbok Estuarine Mangrove System [M], School of 
Biological Sciences, University Sains malaysia, Penang, Malaysia. 

89. Paavilamen, E. 1980. Effect of fertilization on plnat biomass and 
nutrient cycle on a drained dwarf shrub pine swamp [J], 
Communications Instituti Forestalis Fenniae (Helsinki), 98: 1-23. 

90 Paavilainen, E. 1987. Effect of fertilization on the litter fall of Pinus 
sylvestris and Betula pubescens on drained peatlands [J], Scad. J. 
For. Res., 2: 59-75. 

91. Pande, P.K. and Sharma, S.C. 1986. Seasonality and pattern in 
leaf-fall and litter accretion on the forest floor in plantations of 
demonstration area, Forest Research Institute & College, Dehra Dun 
(India) [J], Indian Forester, 112(4): 15-18. 

92. Pandey, H. N., Gaur, J. P. and Singh, R. N. 1980. Litter input and 
decomposition in tropical dry deciduous forest, grassland and 
abandoned crop field communities at Varanasi, India [J], Acta 
Oecologia Planttarum, 1: 317-323. 

93. Pant, S.C. and Tiwari, S.C. 1992. Litter fall and litter 
decomposition in a montane oak forest of Garhwal Himalaya [J], 
Tropical Ecology, 33(1): 103-109. 

94. Parshevnikov, A.L. 1962. The nitrogen and ash element cycle in 
relation to alternation of tree speices in the forests of the Cnetral 
Taiga [J], Trudy Inst. Lesa Drev. Sib. Otd., 52: 23-29 (cited in Rodin & 
Bazilevich 1967, Table 9). 

95. Pitman R. & Pitman J. I. 1984. Litterfall data [C], In: Chadwick, 
A.C., Sutton, S.L. (Eds.) Tropical Ram Forest. Leeds: Special 
Publication of the Leeds Philosophical and Literary Society, p 179. 

96. Proctor, J. 1984. Tropical forest litterfall II: the data set [C], In: 
Chadwick, A.C., Sutton, S.L. (Eds.) Tropical Rain Forest. Leeds: 
Special Publication of the Leeds Philosophical and Literary Society, p 
83-116. 

97. Proctor, J. Andderson, J.M. and Vallack, H.W. 1983. Comparative 
studies on soils and litterfall in forests at range of altitudes on 
Gunung Mulu, Sarawak [J], Malaysian Forester, 46: 60-76. 

98. Proctor, J., Andderson, J.M., Fogden, S.C.L. and Vallack, H.W. 
1983. Ecological studies in four contrasting lowland rain forests in 
Gunung Mulu National Park, Sarawak II. Litterfall, litter standing crop 
and preliminary observation on herbivory [J], Journal of Ecology, 71: 
261-283. 

99. P'yavchenko, N.l. 1960. Biological cycle of nitrogen and ash 
elements in waterlogged forests [J] Pochvovedenie No. 6. (cited in 



Journal of Forestry Research, 14(1): 27-34 (2003) 


Rodin & Bazilevich 1967, Table 9). 

100. Rai, S.N, 1981, Productivity of Tropical Rain Forests of Karnataka 
[M]. Ph, D. thesis, University of Bombay. 

101. Rai, S.N. and Proctor, J. 1986. Ecological studies on four 
rainforests in Karnaka, India [J]. Journal of Ecology, 74: 455-463. 

102. Ranawat, M.P.S. and Vyas, L.N. 1975. Litter production in 
deciduous forests of Koriyat, Udipur (South Rajasthen, India [J], 
Biologia (Bratislava), 30: 41-47. 

103. Ranger, J. 1997. Nutrient dynamics during the development of a 
Douglas-fir ( Pseudotsuga menziesu Mirb) stand [J], Acta oEcologica, 
18(2): 67-90. 

104. Raulo, J. & Hokkanen, T. 1989. Litter fall of Alnus incana and 
Alnus glautinosa [J], Folia Forestalia, 738: 1-25. 

105. Rawat, Y.S., Bhatt, Y.D., Pande, P. and Singh, S.P. 1994. 
Production and nutrient cycling in Arundinaria falcata and Lantana 
camara: The two converted ecosystems in central Himalaya [J], 
Tropical Ecology, 35(1): 53-67. 

106. Rawat, Y.S. and Singh, J.S. 1988a. Structure and function of oak 
forest in central Himalaya. I. Dry matter dynamics [J]. Annals of 
Botany, 62: 413-427. 

107. Rawat, Y.S. and Singh, J. S. 1988b. Structure and function of oak 
forest in central Himalaya. II. Nutrient dynamics [J], Annals of Botany, 
62: 397-411. 

108. Remezov, N.P., Bykova, L.N. and Smirnova, K.M. 1959. Uptake 
and cycle of nitrogen and ash elements in the forests of European 
Russia. Moscow, (the data was cited in Table 9, Table 32, Production 
and mineral cycling in terrestrial vegetation (Rodin and Bazilevich 
1967). 

109. Rodin, L.E. and Bazilevich, N.l. 1967. Production and mineral 
cycling in terrestrial vegetation [M], Edinburgh: Oliver and Boyd. 

110. Rosberg, I and Stuanes, A.O. 1992. Organic matter and nutrient 
fluxes in Norway site. In: Johnson D.W., Linderberg S.E. (Eds.) 
Atmospheric Deposition and Forest Nutrient Cycling. Berlin: 
Springer-Verlag, p 667. 

111. Rudanova, Ye N., Tonkonogov, V.A. and Dorokhova, K.Ya. 1967. 
Litterfall data cited in Table 9 in Production and Mineral Cycling in 
Terrestrial Vegetation (see Rodin and Bazilevich 1967). 

112. Saarsalmi, A. and Malkonen, E. 1989. Biomass production and 
nutrient consumption in Alnus incana stands [J]. Folia Forestalia, 728: 
1-16. 

113. Sasekumar, A. and Loi, J.J. 1964. Litterfall data [C], In: Chadwick, 
A.C., Sutton, S.L. (Eds.) Tropical Rain Forest, Leeds: Special 
Publication of the Leeds Philosophical and Literary Society, p 179. 

114. Sharma, V.K. 1981. Chakia forest, Varanasi, India [C], In: Reichle, 
D. E. (Ed.) Dynamic properties of Forest Ecosystems. Cambridge: 
Cambridge University Press, p 5-7. 

115. Sharma, E. and Ambasht, R.S. 1987. Litterfall, decomposition and 
nutrient release in an age sequence of Alnus nepalensis plantation 
stands in the eastern Himalaya [J]. Journal of Ecology, 75: 997-1010. 

116. Shen Hailong, Shen Guofang and Ding Baoyong. 1996. 
Decomposing dynamics of several coniferous and broadleaved litters 
in Mongolian Scots pine plantation [J], Scientia Silvae Sinica, 32(5): 
393-401. (in Chinese) 

117. Singh, J. and Ramakrishnan, P. S. 1982. Structure and function of 
a sub-tropical humid forest of Meghalaya II. Litter dynamics and 
nutrient cycling [J]. Proceedings of Indian Academy of Science (Plant 
Science), 91: 255-268. 

118. Singh, J., George, M and Varghese, G. 1993. Nutrient cycling in 
moist deciduous forest-litter production and nutrient return. Indian 
Forester, 119(12): 1004-1010. 

119. Singh, K.P. and Misra, R. 1978. Structure and functioning of 
natural, modified and silvicultural ecosystems of eastern Uttar 


_ 33 

Pradesh [Rj. Technical Report. UNESCO Programme on Man and 
the Biosphere. Varanasi: Banaras Hindu University, India. 

120. Singh, K.P 1968. Litter production and nutrient turnover in 
deciduous forests of Varanasi [C]. In Misra, R., Gopal, B. (Rds.) 
Proceedings of the Symposium on Recent Advances in Tropical 
Ecology (Part II), p 655-665. 

121. Singh, L. and Singh, J.S. 1993. Importance of short-lived 
components of a dry tropical forest for biomass production and 
nutrient cycling [J], Journal of vegetation Science, 4: 681-686. 

122. Singh, L. 1992. Dry matter and nutrient inputs through litterfall in 
a dry tropical forest of India [J], Vegtatio 98: 129-140. 

123. Singh, O., Sharma, D.C. and Rawat, J.K. 1993. Production and 
decomposition of leaf litter in sal, teak, Eucalyptus and poplar forests 
in Uttar Pradesh [J], Indian Forester, 119 (2): 112-121. 

124. Singh, R.P 1975. Biomass, nutrient and productivity structure of a 
stand of dry deciduous forest of Varanasi [J], Tropical Ecology, 16: 
104-109. 

125. Smirnova, K.M. and Gorodenlseva, G.A. 1958. Nutrient uptake 
and cycle in a birch wood [J], Byull. Mosk. Obshch. Ispyt, Priv., 
13(12). 

126. Tavakol, M.H. and Proctor, J. 1994a. Ecological studies on three 
contrasting Scottish oakwoods I. Site descriptions and small litterfall 
[J], Bot. J. Scotl., 47(1): 17-32. 

127. Tavakol, M.H. and Proctor, J. 1994b. Ecological studies on three 
contrasting Scottish oakwoods II. litter decomposition [J]. Bot. J. 
Scotl, 47(1): 33-48. 

128. Thaiutsa, B., Suwannapinunt, W. and Kaitpraneet, W. 1978. 
Preliminary study of production and chemical composition of forest 
litter in Thailand [R], Forest Research Bulletin 52. Bangkok: Faculty 
of Forestry, Kasetsart University, Thailand. 

129. Tian Dalun and Zhao Kun. 1989. Studies on the litter in a Chinese 
fir plantation ecosystem. I. Amount, composition and dynamics of 
litter [J]. Journal of Central- South Forestry College, 9(sup.): 38-44. 

130. Tripathi, S.K. and Singh, K.P. 1994. Productivity and nutrient 
cycling in recently harvested and mature bamboo savannas in the 
dry tropics [J], Journal of Applied Ecology, 31: 109-124. 

131. Tripathiand, S.K. and Singh, K.P. 1996. Culm recruitment, dry 
matter dynamics and carbon flux in recently harvested and mature 
bamboo savannas in the Indian dry tropics [J]. Ecological Research, 
11: 149-164. 

132. Tsutsumi, T. 1983. On the effects of soil fertility on the rate and the 
nutrient element concentrations of litterfall in a forest [J], Jap. J. 
Ecolo., 33: 313-322. 

133. Tu Mengzhao. 1984. Litterfall of south-subtropical evergreen 
broadleaved forests in Dinghushan, Guangdong [J], Trop. Subtrop. 
For. Ecosys., 1(2): 18-21 (in Chinese) 

134. Ueda, S. and Tsutsumi, T. 1979. The amount of nutrient elements 
of litterfall in Chamaecyparis obtusa stands-influences of fertilization 
and site conditions [J], Bullutin of the Kyoto Univ. Forests, 51: 84-95. 

135. Ueda, S. and Tsutsumi, T. 1980. The amount of nutrient elements 
contained in litterfall of natural evergreen broadleaved forest 
dominated by Machilus thunbergii Sieb. et Zucc. [J], Bulletin of the 
Kyoto Univ. Forests, 52: 32-43. 

136. van Schaik, C.P and Mirmanto, E. 1985. Spatial variation in the 
structure and litterfall of Sumatran rain forest [J]. Biotropica, 17(3): 
196-205. 

137. van Wesemael, B. and Veer. M.A.C. 1992. Soil organic matter 
accumulation, litter decomposition and humus forms under 
mediterranean-type forests in southern Tusany, Italy [J]. Journal of 
Soil Science, 43: 133-144. 

138. Vedrova, E.F. 1995. Carbon pools and fluxes of 25-year old 
coniferous and deciduous stands in middle Siberia [C]. In: Apps, M. J. 



34 


LIU Chun-jiang et al. 


(Ed.) Boreal Forest and Global Change. Kluwer Academic Publishers, 
p 239-246. 

139. Viro, P.J. 1955. Investigations on forest litter [J]. Commun. Inst. 
For. Fenn. 45(6): 1-65. 

140. Wang Fengyou and Wang Yeju. 1991a. Forest litter ecology in 
deciduous/P/nus koraiensis forests. (I) Litterfall and its dynamics in 
the four community types. In: Zhou Xiaofeng (Ed.) Located Research 
on the Forest Ecosystems. Harbin: Northeast Forestry University 
Press, p 228-237. 

141. Wang Fengyou and Wang Yeju. 1991b. Forest litter ecology in 
deciduous/P/nus koraiensis forests: (III) Standing crops of forest litter 
in the four community types. In: Zhou Xiaofeng (Ed.) Located 
Research on the Forest Ecosystems. Harbin: Northeast Forestry 
University Press, p 245-249. 

142. Watanabe, H. 1978. Annual litter fall in a Nagi ( Decusscarpus nagi) 
stand [J], Bulletin of the Kyoto Umv. Forests, No. 50: 24-31. 

143. Wei Xiaohua and Zhou Xiaofeng. 1991. Nutrient cyclings in an 
oak forest ecosystem [C]. In: Zhou Xiaofeng (Ed.) Located Research 
on the Forest Ecosystems. Harbin: Northeast Forestry University 
Press, p 118-133. (in Chinese) 

144. Wen Yuangaung, Wei Binger and Li Jijuan. 1989. Studies on the 
litterfal and dynamics in some subtropical forests [J], Scientia Silvae 
Simcae, 25(6): 542-548. (in Chinese) 

145. Wu Zhidong, Peng Fuquan, Ju Yuping, Yi Ruiling, Gu Xixian & Wu 
Youmei. 1990. Characteristics of the biological material cycling of 
several types of artificial forests and their influence on soils in south 
subtropical China [J]. Acta Pedologica Sinica, 27(3): 250-261. (in 


Chinese) 

146. Yamada, I. 1976. Forest ecological studies of the montane forest 
of Ml. Pangrango, West Java ill. Litter fall of the tropical forest near 
Cibodas [J], South East Asian Studies, 14: 194-229. 

147. Yao Yiantao. 1989. Studies on the biomass and nutrient cycling of 
the mixed plantation of Pinus tabulaeformis and Platycladus 
orientalis ([J]. Journal of Beijing Forestry University, 11(3): 38-46. (in 
Chinese) 

148. Yu Mingjian, Chen Qichang, Li Minghong, Shi Meizhong and Cao 
Jianbo. 1996. Studies on the characteristics of the forest floor and the 
soil in the evergreen broad-leaved forest dominated by 
Cyclobalanopsis glauca in Zhejiang, China [J]. Scientia Silvae 
Sinicae, 32(2): 103-110. (in Chinese) 

149. Yu Yuanchun, Yuan Honghua and Fei Shimin. 1994. Studies on 
litterfall of mian forest types in Xiashu forest farm, Jiangsu, China [Cl¬ 
in: Zhou Xiaofeng (Ed.) Long-Term Research on China's Forest 
Ecosystems. Harbin: Northeast Forestry University Press, p 112-122. 
(in Chinese) 

150. Zhang Chenglin and Zhou Xiaofeng. 1991. Biomass of a natural 
secondary birch stand [C]. In: Zhou Xiaofeng (Ed.) Located Research 
on the Forest Ecosystems. Harbin: Northeastern Forestry University 
Press, p 428-435. (in Chinese) 

151. Zheng Wenjiao, Shao Cheng, Wang Liangmu and Lin Peng. 1995. 
Dynamic of nutrient elements in litterfall of subtropical rain forest of 
Hexi in Fujian [J]. Journal of Tropical and subtropical Botany, 3(4): 
38-43. 



